Introduction {#S0001}
============

Epilepsy has a prevalence of approximately 1.2% in the United States, and in 2015, epilepsy affected roughly 2.9 million adults. Nearly one million of those adults are age 55 years or older.[@CIT0001] Some risk factors for epilepsy are more common as people age including stroke and cardiovascular disease, neurodegenerative disorders, brain tumor and long-term sequelae of alcohol abuse.[@CIT0002]

Current demographic trends project a growing number of older individuals with epilepsy (both new-onset cases and those who have long-standing epilepsy)[@CIT0003] and thus, it is important to better understand the clinical features that may occur in later-life among people with epilepsy (PWE), including the presence of common comorbidities like depression. The reported prevalence of depression in PWE varies, with a range of 15--37%.[@CIT0004] Depressive symptoms have a pronounced impact on the quality of life among PWE, greater so than short-term seizure control.[@CIT0005] In general, there are limited data on psychological outcomes in older PWE,[@CIT0003] and little is known on how depressive symptom severity and other clinical characteristics relevant to depression may compare in older vs younger PWE.

This analysis, from a large pooled dataset of clinical studies from the Centers for Disease Control and Prevention (CDC)-funded Managing Epilepsy Well (MEW) Network, examined clinical variables including depressive symptom severity, quality of life and epilepsy self-management competency among older (≥55 years of age) versus younger PWE.[@CIT0006] The limited literature on older PWE suggests that individuals may, over time, learn coping skills that minimize seizure frequency and improve quality of life. We thus expected to find more positive health outcomes in older vs younger PWE. In line with this expectation of better outcomes in older PWE, and in spite of the fact that rates of suicide are higher among older vs younger adults in the United States,[@CIT0007] we expected that suicidality as measured by a standardized depression assessment instrument would be lower in older vs younger PWE.

In younger PWE, there are a variety of risk factors for depression comorbidity including sociodemographic variables such as low income and limited social support as well as epilepsy-specific variables such as poor seizure control or refractory epilepsy.[@CIT0008],[@CIT0009] We were particularly interested in whether the same sociodemographic and epilepsy-specific characteristics that are associated with clinically significant depressive symptom severity in younger PWE are the same in older PWE. We expected that older people, who might learn to self-manage their epilepsy over time, might be less impacted by some social factors, such as income, as a possible risk factor for depression. Taken together, we expected that findings have potential to inform care planning and delivery across the full age range of PWE.

Methods {#S0002}
=======

Overview {#S0002-S2001}
--------

This analysis used baseline data from 9 studies of the MEW Network integrated research database (MEW DB), details of which are described elsewhere.[@CIT0010] All studies that were analyzed were approved by local Institutional Review Boards (IRBs) and the integrated dataset infrastructure and analysis was approved by a local IRB. Data access is based upon approval from a MEW DB Steering group composed of representatives from research sites that have contributed to the data pool and with appropriate data use agreements (DUAs) between research institutions.

The pooled MEW DB sample for this analysis included 935 individuals, consisting of 161 older adults (≥55 years; 17.2%), and 774 younger adults (age 18--54 years; 82.8%). We examined baseline demographic variables of self-reported gender, race, marital status, education level, income, as well as standardized rating scales for depressive symptom severity and quality of life in older vs younger individuals and then compared groups with clinically significant depressive symptom severity based on established thresholds on a standardized depression measure (the 9-item Patient Health Questionnaire, the PHQ-9)[@CIT0018] versus those without clinically significant depressive severity in the younger vs older groups.

Studies included in this MEW DB analysis:

### HOBSCOTCH {#S0002-S2001-S3001}

The study evaluated the effects of home-based cognitive and behavioral self-management program to improve memory complaints and quality of life for PWE. The HOBSCOTCH study included 66 adults (age 18--65 years) who had a diagnosis of epilepsy and reported subjective cognitive symptoms.[@CIT0011]

### FOCUS {#S0002-S2001-S3002}

The FOCUS program study (Figure out the problem, Observe your routine, Connect your observations and choose a change goal, Undertake a change strategy, Study the results) tested an 8-week hybrid in-person workshop and telephone coaching program to develop self-regulation skills among PWE and a support person (a family member or friend). A pilot study of FOCUS included 21 PWE (age \>21 years).[@CIT0012] A subsequent RCT of FOCUS included 159 PWE.[@CIT0013]

### SMART {#S0002-S2001-S3003}

Self-management for people with epilepsy and a history of negative health events (SMART) study tested a group-format, remotely delivered (web or telephone) self-management approach in a prospective, 6-month randomized controlled trial that compared SMART vs a 6-month waitlist control in 120 PWE.[@CIT0014]

### Time {#S0002-S2001-S3004}

Targeted Self-Management for Epilepsy and Mental Illness (TIME) was tested in a 16-week prospective randomized controlled trial that evaluated TIME vs treatment as usual in 44 PWE.[@CIT0015]

### FACES {#S0002-S2001-S3005}

The FACES study looked to identify psychosocial and disease-related factors affecting Chinese American PWE. It included 16 PWE (age ≥18 years) and examined demographic variables such as race, education, gender, relationship status, as well as PHQ-9 scores and number of seizures in the past month.

### PEARLS {#S0002-S2001-S3006}

PEARLS (Program to Encourage Active and Rewarding Lives) in Epilepsy was a prospective, randomized controlled trial of a home-based depression management program, which included 80 adults (age ≥18 years) who had a diagnosis of epilepsy as well as a PHQ-9 score of ≥10.[@CIT0016]

### PACES {#S0002-S2001-S3007}

The PACES study was a randomized controlled trial of a self-management program for adults with epilepsy.[@CIT0017] PACES includes both medical and psychosocial self-management in adults (age ≥18 years) with epilepsy.

### YESS {#S0002-S2001-S3008}

Data included a cross-sectional survey administered to inform the implementation of Youth Epilepsy & Successful Self-Management (YESS), an online epilepsy self-management intervention for teens (age 13--19 years), which provides education and teaching regarding interpersonal connections, decision-making and epilepsy self-management skills along with peer support.

Standardized Measures {#S0002-S2002}
---------------------

Standardized rating scales included Quality of Life in Epilepsy (QOLIE-10), the 9-item Patient Health Questionnaire (PHQ-9) for depressive symptoms and the Epilepsy Self-Management Scale (ESMS).

### Depression {#S0002-S2002-S3001}

The PHQ-9 is a self-administered questionnaire that reflects the Diagnostic and Statistical Manual 5 (DSM-5) diagnostic criteria for major depressive disorder.[@CIT0018] Scoring ranges from 0 to 27. A score of 0--4 is considered non-depressed, a score of 5--9 is considered mild depression, a score of 10--14 is considered moderate depression and a score of ≥15 is considered severe depression.[@CIT0018]

### Quality of Life {#S0002-S2002-S3002}

The QOLIE-10 is a 10-item questionnaire that has been developed from the original QOLIE-89 to assess various domains of quality of life in PWE including working, social limitations, and worrying about seizures.[@CIT0019] For this analysis, scoring was calibrated on a 1--5 scale with higher scores indicating a worse quality of life.

### Epilepsy Self-Management Scale {#S0002-S2002-S3003}

The ESMS is a 38-item questionnaire that evaluates self-reported epilepsy self-management competency. In addition to a total score, the ESMS is subdivided into 5 sub-scales which are safety, lifestyle, medications, seizures and information management.[@CIT0020] Higher scores indicate greater use of self-management strategies.

Statistical Analysis {#S0002-S2003}
--------------------

Statistical analysis was performed using SPSS software version 22 (IBM Corporation, NY) and SAS (version 9.4, The SAS Institute, Cary, NC); a p-value less than 0.05 was set for statistical significance. We first conducted descriptive statistics of the demographic variables and clinical characteristics comparing older versus younger groups overall ([Table 1](#T0001){ref-type="table"}) and then using the cut-point of ≥10 on the PHQ-9 as indicating clinically significant depressive symptom severity,[@CIT0018] compared the older versus the younger groups without clinically significant depressive symptoms to those with clinically significant depressive symptoms ([Table 2](#T0002){ref-type="table"}). Item 9 on the PHQ-9 evaluates the specific symptom of suicidality. In [Tables 1](#T0001){ref-type="table"} and [2](#T0002){ref-type="table"}, continuous variables are presented with mean (standard deviation/SD) and independent samples *t*-tests/non-parametric Wilcoxon tests; categorical variables were presented with count (percent) and Chi-square tests/Fisher's exact tests. Spearman correlations and comparisons of standardized rating scores across the sample age groups were conducted using non-parametric methods for categorical variables and ANOVA for continuous variables. Linear regression analyses examined the associations between total PHQ-9 scores and age, both as a continuous and categorical variable (older group versus younger group).Table 1Comparison of Baseline Demographic and Clinical Variables Between Older (≥55 Years) and Younger (\<55 Years) PWEVariableOverall\
N=935Younger Group (Age 18--54 years)\
N=774Older Group (Age ≥55 years)\
N=161p-valueAge --- Mean (SD)39.1 (14.7)34.4 (11.3)61.5 (5.2)\<0.001^d^Female --- N (%)557 (60%)308 (40.1%)64 (39.8%)0.934^a,\ †^White --- N (%)\
African-American --- N (%)608 (74.1%)\
147 (17.9%)499 (73.6%)\
123 (18.1%)109 (76.2%)\
24 (16.8%)0.792^a^≤High School Education --- N (%)234 (29.8%)193 (30.8%)41 (25.8%)0.214^a^Some College --- N (%)551 (70.2%)433 (69.2%)118 (74.2%)Income: \<US \$25,000 --- N (%)273 (54.9%)221 (56.1%)52 (50.5%)0.260^a^Income: US \$25,000--\$49,999 --- N (%)76 (15.3%)55 (14%)21 (20.4%)Income: ≥US \$50,000 --- N (%)148 (29.8%)118 (29.9%)30 (29.1%)Married or co-habiting191 (35.4%)144 (32.9%)47 (46.1%)0.012^a^Seizure count in last 30 days--- Mean (SD)5.1 (21.1)5.4 (22.5)4.2 (15)0.055^c^Proportion of individuals with no seizure in last 30 days (n=639)240 (37.6%)181 (35.4%)59 (46.1%)0.032^a^QOLIE-10 Mean (SD)2.9 (0.8)2.9 (0.8)2.7 (0.9)0.041^d^Total ESMS --- Mean (SD)3.7 (0.4)3.7 (0.4)3.8 (0.4)0.098^d^PHQ-9 Total --- Mean (SD)9.4 (6.6)9.5 (6.7)8.5 (6.3)0.07^d^PHQ-9 suicidality item Mean (SD)0.31 (0.75)0.32 (0.77)0.27 (0.69)0.429^d^No/Mild Depression --- N (%)\
Moderate to Severe Depression --- N (%)535 (57.2%)\
400 (42.8%)431 (55.7%)\
343 (44.3%)104 (64.6%)\
57 (35.4%)0.038^a^[^1] Table 2Comparison of Demographic and Clinical Characteristics of Older (≥55 Years) vs Younger (\<55 Years) People with Epilepsy and Clinically Signification Depressive Symptom Severity as Defined by Established Cut-Points on the PHQ-9VariableYounger Group\
Age \<55 YearsOlder Group\
Age ≥55 YearsOverall\
N=774No/Mild Depression\
N=431Moderate-Severe Depression\
N=343p-valueOverall\
N=161No/Mild\
depression\
N=104Moderate-Severe Depression\
N=57p-valueAge --- Mean (SD)34.4 (11.3)33.4 (11.7)35.7 (10.7)0.005^a^61.5 (5.2)62.1 (5.4)60.4 (4.7)0.047^a^Female --- N (%)460 (59.9%)253 (59.1%)207 (60.9%)0.619^b^97 (60.2%)67 (64.4%)30 (52.6%)0.144^b^White --- N (%)499 (73.6%)292 (75.1%)207 (71.6%)0.297^b^109 (76.2%)69 (74.2%)40 (80%)0.229^b^African-American --- N (%)123 (18.1%)63 (16.2%)60 (20.8%)24 (16.8%)15 (16.1%)9 (18%)≤High School Education --- N (%)193 (30.8%)79 (23.1%)114 (40.1%)\<0.001^b^41 (25.8%)22 (21.4%)19 (33.9%)0.084^b^Some College ---N (%)433 (69.2%)263 (76.9%)170 (59.9%)118 (74.2%)81 (78.6%)37 (66.1%)Income: \<US \$25,000 ---N (%)221 (56.1%)110 (47%)111 (69.4%)\<0.001^b^52 (50.5%)35 (49.3%)17 (53.1%)0.500^b^Income: US \$25,000--\$49,999 ---N (%)55 (14%)36 (15.4%)19 (11.9%)21 (20.4%)13 (18.3%)8 (25%)Income ≥US \$50,000 --- N (%)118 (29.9%)88 (37.6%)30 (18.8%)30 (29.1%)23 (32.4%)7 (21.9%)Married or co-habiting144 (32.9%)83 (35.5%)61 (29.9%)0.216^b^47 (46.1%)31 (53.4%)16 (36.4%)0.086^b^Seizure count in last 30days--- Mean (SD)5.4 (22.5)2.4 (8)7.8 (29)0.001^c^4.2 (15)2.7 (10.2)7 (21.1)0.447^c^Proportion of individuals with no seizure in last 30 days -- N (%)181 (35.4%)117 (22.9%)64 (12.5%)0.256^b^59 (46.1%)42 (32.81%)17 (48.6%)0.843^b^QOLIE-10 --- Mean (SD)2.9 (0.8)2.5 (0.6)3.5 (0.6)\<0.001^a^2.7 (0.9)2.4 (0.8)3.4 (0.7)\<0.001^a^Total ESMS --- Mean (SD)3.7 (0.4)3.7 (0.4)3.6 (0.4)0.248^a^3.8 (0.4)3.8 (0.4)3.8 (0.5)0.891^a^ ESMS Lifestyle --- Mean (SD)3.1 (0.7)3.3 (0.7)2.9 (0.7)\<0.001^a^3.4 (0.7)3.4 (0.5)3.4 (0.8)0. 795^a^ ESMS Medication --- Mean (SD)4.3 (0.6)4.4 (0.5)4.2 (0.6)0.018^a^4.5 (0.4)4.6 (0.4)4.5 (0.4)0.443^a^ ESMS Seizure --- Mean (SD)4.2 (0.6)4.2 (0.6)4.3 (0.6)0.565^a^4.2 (0.6)4 (0.7)4.4 (0.4)0.061^a^ ESMS Safety --- Mean (SD)4 (0.6)3.9 (0.6)4.1 (0.5)0.008^a^4.1 (0.6)4.1 (0.6)4.1 (0.6)0.902^a^[^2]

Results {#S0003}
=======

Overall Sample Descriptive Analysis {#S0003-S2001}
-----------------------------------

As noted in [Table 1](#T0001){ref-type="table"}, the overall mean age of the 935 patients was 39.1 (standard deviation \[SD\] 14.7 years), 557 (60%) female. The majority were white (N=608, 74.1%), and 17.9% (N=147) were African American. This was a relatively well-educated sample, with 551 PWE (70.2%) having at least some college education. Of this sample, 400 (43%) of individuals had clinically significant depressive symptoms.

Health Outcomes in Younger versus Older PWE {#S0003-S2002}
-------------------------------------------

As shown in [Table 1](#T0001){ref-type="table"}, mean age was 61.5 (SD 5.2 years) for older PWE, and 34.4 (SD 11.3 years) for younger PWE. As noted in [Table 1](#T0001){ref-type="table"}, demographic and clinical variables were generally similar; however, the older group had a slightly better quality of life (p=0.041) and fewer individuals with clinically significant depressive symptoms (p=0.038) compared to the younger group. With respect to the suicidality item on the PHQ-9, we found no significant difference between older vs younger PWE. There was a trend for slightly lower depression severity scores (PHQ-9 total) (p=0.07) in the older group, as well as a trend for fewer seizures (p=0.055). Additionally, older patients were more likely to have been seizure free in the past 30 days (p=0.032) and reported significantly better epilepsy self-management competency on the medication-taking (p=0.010) and the lifestyle (p=0.036) sub-domains of the ESMS (data not shown).

Correlates of Depression in Younger versus Older PWE {#S0003-S2003}
----------------------------------------------------

As shown in [Table 2](#T0002){ref-type="table"}, using established cut-points of depression on the PHQ-9, within the younger age group, those with a lower level of education (p\<0.001) and lower income level (p\<0.001) had a greater likelihood of clinically significant depressive symptoms. In younger PWE, higher seizure frequency (p\<0.001), lower quality of life (p\< 0.001) and selected sub-scales of the ESMS (lifestyle p \<0.001, medication p=0.018, safety p=0.008) and lifestyle, p=0.036) were also associated with clinically significant depression. Correlations with PHQ-9 total scores in younger individuals included higher PHQ-9 scores in those who were unmarried/not-cohabitating (p=0.049), racial group other than white or African American (p=0.017) and those with lower self-management competency (p=0.013). In the older age group, no demographic or clinical variables were associated with clinically significant depressive symptoms.

Linear regression analyses examining the association between total PHQ-9 scores with age as a continuous variable and with age as a categorical variable (older group versus younger group) identified some significant findings. Bivariate associations between clinical variables and PHQ-9 total scores found that depressive symptom severity was significantly associated with education, income, marital status, seizure frequency, quality of life and epilepsy self-management competency (all p\<0.05). However, adjusting for multiple predictors found that only quality of life (total QOLIE-10 p\<0.0001) and the lifestyle sub-scale in epilepsy self-management competency (ESMS lifestyle p \<0.03) were significant.

Discussion {#S0004}
==========

This analysis of 935 PWE from an integrated dataset of epilepsy self-management studies compared older (age ≥ 55) vs younger (\<age 55) individuals on depressive symptom severity, quality of life and epilepsy self-management competency with a particular focus on factors associated with clinically significant depressive symptoms. Consistent with the limited literature and aligned with what we expected to find, our results suggested that older PWE have better quality of life, less severe depressive symptoms, and higher ratings of epilepsy self-management competency in medication-taking and on lifestyle management compared to younger PWE. While there were some demographic and clinical correlates of clinically significant depression in younger PWE, there were no demographic or clinical correlates associated with clinically significant depressive symptoms in the older group.

Both Devinsky and colleagues[@CIT0021] and May and colleagues[@CIT0003] have noted that psychological and emotional constructs in older PWE have not been well studied. Some studies[@CIT0003],[@CIT0022] suggest that people who have lived with epilepsy for many years may learn coping skills over time. Escoffery and colleagues reported a lower seizure count and lower reports of being bothered by seizures in those that were over 50 compared to their younger counterparts.[@CIT0023] This is in line with our findings that note less clinically significant depressive symptoms, better quality of life and some improved epilepsy self-management skills which shows that learning to live with epilepsy is a skill that can be learned and once learned, it translates into improved health. Alternatively, the finding of relatively better functioning and mood in older PWE could be a result of a "survivor effect" in which those PWE who have poorly controlled seizures and more epilepsy-related complications die prematurely or are less likely to participate in research. The lower rate of clinically significant depressive symptoms in older PWE in this sample could also be explained by the overall lower prevalence of depression in elderly populations compared to younger patients in the general public.[@CIT0024]

Our analysis findings have potentially important clinical implications given the fact that the number of older PWE appears to be increasing.[@CIT0003] Epilepsy self-management skills and quality of life are key factors that impact the association of age and depressive symptoms. Our data suggest that PWE may become better at managing their health as they get older. The literature on evidence-based epilepsy self-management programs is increasing[@CIT0006] and younger people with epilepsy are clearly ideal targets for epilepsy self-management training. Given that evidence-based epilepsy self-management interventions are a relatively new addition to the treatment armamentarium, it seems likely that at least some of the older PWE in our sample did not have this training in their earlier years, and perhaps had to learn their self-management skills through trial and error. Additionally, it is possible that epilepsy self-management training begun in early life or shortly after an epilepsy diagnosis is first received, could change a variety of health outcomes further downstream into mid-life and beyond, including quality of life and depressive symptoms. Future studies might include evaluation of whether PWE have had exposure to evidence-based epilepsy self-management programs in evaluating whole-health and epilepsy-specific outcomes.

A caveat that needs to be noted is that this dataset provides cross-sectional data; therefore, we are not able to assess if the severity of depression changes over time in the same individual. This dataset also did not provide data regarding the duration or age of onset of epilepsy in these individuals. Other investigators have reported differences within older samples with epilepsy based on late vs early age of onset. May et al found that elderly with late-onset epilepsy had fewer seizures, better tolerance of antiepileptic drugs and less epilepsy-related fears compared to those with more long-standing epilepsy.[@CIT0003]

In younger PWE we found several correlates of clinically significant depressive symptom severity including education, income, quality of life, seizure frequency and selected epilepsy self-management domains, while we did not find any significant correlations with clinically significant depressive symptoms in older PWE. It is possible that older PWE may be more likely to have additional supports, such as Medicare coverage which could minimize healthcare access problems that may have attenuated the relationship between socioeconomic variables and health outcomes. It is also possible that some of our older sample had epilepsy that began relatively later in life and this could have contributed to relatively better socioeconomic outcomes in the older group. Epilepsy onset that occurs after educational and career attainment could potentially translate to having retirement savings or financial resources available. Analysis of larger samples of older PWE with varying age of epilepsy onset and varying types of health insurance coverage would be needed to explore this idea.

Given our findings of relatively better health outcomes in older PWE vs younger PWE, it might be reasonable to consider how resilient older individuals who have learned to cope with their illness might potentially help and support those who are earlier in their recovery journey. For example, some MEW Network interventions use Peer Educators or PWE to serve as experiential guides to others in self-management learning.[@CIT0006],[@CIT0015]

Other limitations of this study include a small older-adult sample of 161 people with an average age of 61.5 years, which falls on the lower age spectrum of geriatric patients. The data set may not represent those that are "old-old" who present with higher comorbidities. Additionally, those that do participate in clinical research may not represent the full spectrum of people with epilepsy across the age span. There are a number of strengths to off-set these limitations, however including the fact that both younger and older groups of PWE were largely similar in their demographic and clinical variables, aiding in reducing confounding factors. The sample also was racially and ethnically diverse. The later-life focus of our paper does not facilitate conclusions on the youngest adults with epilepsy and indeed, the MEW DB has until recently not had a large sampling of young adults. However, more recently completed research and new research funding from the CDC is expected to substantially expand the MEW Network's ability to assess and address epilepsy outcomes across the full lifespan.[@CIT0025]

In conclusion, this large sample of PWE found that older PWE had less significant depressive symptoms and better quality of life. Future studies need to collect data longitudinally, as well as sample more elderly PWE including the "old-old" and those with more extensive medical comorbidity.

Portions of these data were presented at the American Association for Geriatric Psychiatry (AAGP) Annual Meeting, Atlanta, Georgia, USA; March, 2019
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[^1]: **Notes:** ^a^Chi-square; ^b^Fisher's exact test; ^c^Wilcoxon Rank sum test; ^d^independent samples *t*-test. ^†^ Racial comparisons: white, African-American, other. ESMS, Epilepsy Self-Management Scale ranges from 1 to 5, and higher scores indicate greater frequency of self-management behaviors. No/mild depression: PHQ-9\<10; Moderate to severe depression: PHQ-9≥10. Lower scores indicate better quality of life.

    **Abbreviations:** PHQ-9, Patient Health Questionnaire 9-item Version; QOLIE-10, 10-item Quality of Life in Epilepsy.

[^2]: **Notes:** ^a^Independent samples *t*-test; ^b^Chi-square; ^c^Wilcoxon Rank sum test. ESMS, Epilepsy Self-Management Scale ranges from 1 to 5, and higher scores indicate greater frequency of self-management behaviors. No depression: PHQ9\<10; and moderate-severe depression: PHQ9≥10. Lower scores indicate better quality of life.

    **Abbreviations:** PHQ-9, Patient Health Questionnaire 9-item Version; QOLIE-10, 10-item Quality of Life in Epilepsy.
